While functional imaging studies in humans have consistently reported activation of primary somatosensory cortex (SI) with painful stimuli, the specific roles of subdivisions of areas 3a, 3b, and 1 within SI during pain perception are largely unknown, particularly in the representation of mechanical evoked pain. In this study, we investigated how modality, location, and intensity of nociceptive stimuli are represented within SI by using high-spatial resolution optical imaging of intrinsic signals in Pentothal-anesthetized squirrel monkeys. Perceptually comparable mechanical nociceptive and innocuous tactile stimuli were delivered by indenting the glabrous skin of the distal finger pads with 0.2 and 2 mm diameter probes, respectively. Within each of areas 3a, 3b, and 1, activations to mechanical nociceptive stimulation of individual distal finger pads were spatially distinct and somatotopically organized. We observed differential cortical activation patterns. Areas 3a, 3b, and 1 were all activated during mechanical nociceptive stimulation and were modulated by nociceptive stimulus intensity. However, with innocuous tactile stimulation, mainly areas 3b and 1 exhibited response modulation with different levels of stimulation. In summary, mechanical nociceptive inputs are area-specific and topographically represented within SI. We propose that all areas of SI are implicated in encoding the features of mechanical nociception, where areas 3a and 3b are distinctively involved in coding nociceptive and pressure sensation components of stimulation.
Introduction
Advances in functional brain imaging techniques have led to the identification of possible neuroanatomical substrates of pain perception. Among them, cortical areas SI and SII (primary and second somatosensory cortices) have been proposed to play essential roles in the processing of the sensory-discriminative components of pain; these include sensing the quality, intensity and spatial location of painful sensations [1] [2] [3] [4] . It is well established that SI is involved in processing innocuous tactile information, but little is known about the specific functional roles of Brodmann areas 3a, 3b, 1, and 2 within SI in processing nociceptive information. Some studies suggest involvement of areas 3b and 1 [5,6], while others implicate area 3a [7, 8] , and yet others areas 1 and 2 [9] . Mapping thermal pain response with fMRI in humans have identified SI as a potentially important locus of pain processing, but, due to the lack of sufficient spatial resolution, have not resolved nociceptive somatotopy within sub-areas of SI.
A fundamental issue that remains unanswered is whether pain is represented in a topographic manner within sub-areas of SI and, if so, whether it follows the known tactile topography observed for SI. Although a somatotopy of pain has been shown in human SI [4,10-13], and stimulation of SI does interfere with pain localization [14] , whether this topographic representation is specific to a sub-area within SI has not been demonstrated. A few electrophysiological studies of nociceptive somatotopy have shown localized nociceptive responses in areas 3b and 1 [5,6,15]. However, the fine topography of nociceptive representation in either 3b or 1 has not been demonstrated, leaving the question of topographic correspondence between nociceptive and tactile responses open. A clinical significance of topographic organization in pain perception is clearly demonstrated by observations that phantom limb pain may be associated with a topographic reorganization of hand or facial regions in SI [16] [17] [18] [19] . These findings suggest that cortical reorganization in SI may lead or contribute, under certain pathological conditions, to the generation of phantom limb pain. Thus, delineating nociceptive topography is important, not only for understanding topography of normal cortical representation of pain, but also
